The derivation of reference values in 11 current dietary reference standards is often based on methods of extrapolation or interpolation, but these are not consistent across reports. Such methods are frequently employed to derive nutrient intake values (NIVs) for infants and children owing to the paucity of relevant research data available. The most common method is to extrapolate values for children down from those of adults, employing a weight or metabolic factor and adjusting for growth. In some
instances, values for young children are extrapolated up from infants, values for adults are extrapolated up from children, or values for older adults are extrapolated up from young adults. Extrapolation is employed to estimate not only nutrient requirement or adequate intake but also the upper tolerable levels of intake. Extrapolation methods may also form the basis of estimates of tissue deposition of nutrients during growth in children and for the maternal/fetal dyad in pregnancy with adjustments for metabolic efficiency. Likewise, recommended intakes during lactation are extrapolated from known secretion of the nutrient in milk with adjustments for bioavailability. For future dietary standards, a first priority is to obtain relevant scientific data using current methodology, such as stable isotope tracers, body composition analysis, and appropriate biomarkers, from which NIVs for each age group can be derived. Extrapolation to derive an NIV is only acceptable in the sheer absence of sound scientific data and must be modeled with a consistent approach. For the purpose of harmonization of dietary standards, we recommend the following approaches that should be clearly described in reports: standardization of age groups on a biological basis (growth and pubertal stages) with consideration of relevant developmental milestones throughout childhood; application of internationally accepted standards for growth, body size, body composition, fetal and maternal nutrient accretion in pregnancy, and milk composition; and inclusion of appropriate adjustments (metabolic efficiency, weight change, or physical activity).
Introduction
The approach to determining nutrient requirements based on specific criteria of nutritional adequacy demands availability of data for each defined life-stage group as well as for specific physiological states such as pregnancy and lactation. In addition, the influence of environmental factors such as physical activity, smoking, and food sources may need to be accounted for in setting quantitative nutrient-based recommendations. For example, across all age groups, the influence of environmental variables or stresses has been recognized in the estimation of energy needs as a function of physical activity level.
Growth and development are central characteristics of infancy, childhood, and adolescence and lead to relatively large substrate requirements. Meeting the nutritional needs of children and adolescents is of utmost importance to support their growth and development and their short-and long-term health, well-being, and performance [1] . For children and youth, current reference values for nutrient intakes vary widely, in part due to severe limitations in the available scientific S62 knowledge of nutrient requirements in childhood, and in part due to major differences in underlying concepts, definitions, and terminology [2] . Relevant scientific data that are age-specific are unfortunately unavailable for many nutrients, especially for infants over 6 months of age and young children, as well as for older age groups. Until appropriate data become available, the general approach to estimating nutrient needs of such populations has been to extrapolate values from one life stage to another using weighting for body size, energy requirement, and other metabolic differences.
In a recent European concerted action, the methodological approaches and current nutritional recommendations in children and adolescents aged 2 to 18 years have been reviewed [3] . An expert working group obtained information for 29 of 39 countries in Europe, and a comprehensive compilation was made of the dietary recommendations current up to September 2002 and the concepts of dietary reference values and the methodological approaches used in each country [4] . Brief critiques were included to indicate the scientific foundations of the reference values for children and to offer, where possible, an explanation for the wide differences that exist between countries. This compilation demonstrated that there are considerable disparities in the perceived nutritional requirements of children and adolescents. Although some of this diversity may be attributed to real physiological and environmental differences, most is due to differences in concepts about the best methodological approach to use, and in the way the theoretical approaches are applied.
For physiological states such as pregnancy and lactation, metabolic data upon which estimates of requirements are based are often lacking due to practical difficulties or ethical limitations on conducting research in women during these reproductive stages. When data specific to physiological state are not available, methods employing a factorial approach or extrapolation from other growth states, with various adjustments for physical activity, weight loss, or metabolic efficiency, have been used instead to derive nutrient requirements.
Grouping by age or physiological state to derive NIVs
Great inconsistency exists between various countries and agencies in definitions of life-stage groups used to establish nutrient standards, and often clear explanation of the rationale for the age groups is lacking. Having reviewed the approaches used, we recommend that the following factors be considered when establishing age groups: biological patterns related to physical age; use of a functional characteristic such as growth or puberty, both of which put increased demands on nutrient needs, or aging that mark changes in nutrient handling due to functional losses; and the potential applications such as guidelines for duration of breastfeeding or complementary feeding programs.
For pregnancy and lactation, graded increases in NIV during stages of pregnancy and lactation do not appear to be based on strong science. Recent evidence supports the concept that physiological adjustments in nutrient utilization occur during pregnancy and lactation that generally compensate for the shifts in nutrient requirements with stages of gestation or lactation. Furthermore, having more than one NIV for pregnancy and lactation is essentially impossible to implement; advising a women to eat one diet during early pregnancy and another in late pregnancy is not practical. This combination of factors leads us to recommend that pregnancy and lactation not be divided into different stages such as trimesters of pregnancy or early and late lactation.
Reference weights and heights for application in deriving NIVs
Population reference weights and heights are applied in setting recommended nutrient intakes in several situations. The adoption of reference body weights and heights should be specific for countries or geographic regions, since populations can vary significantly in stature and weight.
For the dietary reference intake (DRI) reports for Canada and the United States, the initial report [5] used data on heights and body mass index (BMI) collected between 1988 and 1994 for the Third National Health and Nutrition Examination Survey (NHANES III) in the United States. Using the reported median heights for life stage and sex groups up to age 30, the median weights were computed from the reported median BMI for the same groups. The reference weights of adults aged 19 to 30 were applied to all adult age groups on the assumption that weight should not change at the older ages if activity is maintained. Beginning with the DRI report on macronutrients [6] , the reference weights and heights were updated on the basis of new data on median BMI and height-for-age data from the Centers for Disease Control and Prevention/National Center for Health Statistics (CDC/NCHS) growth charts [7] .
The D-A-CH (Germany, Austria, Switzerland, and Slovenia) report [8] used body weight data for adults from the 1985 Food and Agriculture Organization/ World Health Organization/United Nations University (FAO/WHO/UNU) report [9] and for children from the US National Center for Health Statistics Growth Charts [7] .
The report on "Nutrient and Energy Intakes for the European Community" [10] based its calculations of intakes of energy and selected nutrients on rounded values for mean body weights and heights of children S63 at different ages, based on pooling national datasets from Belgium, Denmark, France, Germany, Greece, Italy, Spain, the Netherlands, and the United Kingdom, weighted on the basis of each country's population at any given age. It is noteworthy that the data for mean body weights and heights of children in the European Union report and the US National Center for Health Statistics Growth Charts [7] correspond closely. Assessments for pregnant women were based on ranges of prepregnancy weight and desirable weight gains during pregnancy assessed by the US National Academy of Science [11] .
In the Finnish report of 1999 [12] , a reference weight of 70 kg for men and 60 kg for women was adopted, but mean body weights for children and adolescents were taken from the 1996 Nordic report [13] . Similarly, the French report in 2001 [14] adopted the standard 70kg and 60-kg values for adult men and women when reporting estimated energy intakes for groups of subjects, but also provided values for energy expenditure by 5-kg intervals at various age intervals for adults, although these do not appear to represent population reference weights.
In the most recent Mexican dietary standard [15] , it was recognized that the Mexican population is shorter than the average of some other populations, and thus data from several representative National Surveys in Mexico were adopted for use as reference weights and heights. These include the National Nutrition Survey (1999), the National Chronic Diseases Survey (2000), and the Federal District Survey for men and women over 60 years of age (as cited by Bourges [15] ). Using the height data from the Mexican population, the desirable body weight was then derived from the 50th percentile of weight-for-height in the American reference population from the National Center for Health Statistics for ages 0 to 9 years, and the body weight to reach a BMI at the 50th percentile of each height from the same database for 10 to 18 years. For adults, the Mexican report adopted data from the FAO/WHO/ UNU report [9] to calculate a body weight to reach a BMI of 22 in women and 21 in men. The Caribbean report [16] used reference weights and heights updated from the 1976 report, but the source of the data was not identified.
The Nordic report [13] used rounded body weight values for adults based on mean population weights in Denmark, Sweden, and Finland, with adjustments for individuals outside a BMI range of 18.5 to 25. The values used are thus estimates, assuming that all individuals are of normal weight. Values for body weight of children aged 0 to 5 years were based on the mean of reference values from Denmark, Finland, Norway, and Sweden, whereas values for the age group 6 to 17 years were based on mean values from 1973-1977 because of a gradual increase in weight-for-height and in overweight prevalence in recent years [13] . The UK report in 1992 [17] used weight and height data compiled from different surveys of the UK population.
The reference values for body weights and heights are applied in a number of situations. For some nutrients, such as protein, nutrient requirements may be expressed on a body weight basis, but such values are more applicable to end users if they are expressed as total nutrient intake per day. In this case, an average weight-for-age and sex is applied to compute nutrient intake per day from the value established for nutrient intake per kilogram of body weight.
Another application for reference weights and heights is in the computation of estimated energy expenditure for a group of subjects of given sex and age. A third application is the use of reference weights when biological data for a specific criterion of adequacy are not available for a specific age or sex category. In this instance, weights may be used to extrapolate values from older or younger individuals using an appropriate mathematical model, as described below.
After reviewing the above-noted reports, we recommend that for infants and children between 0 and 5 years of age, the new WHO growth standards [18] be used as the basis for normalizing NIV when such adjustments based on weight are appropriate. For all other age groups, data from NCHS/WHO can be used to derive a standard weight and height [9] . For adults, it is recommended that the average weight of men and women at 18 years of age be used throughout the adult years rather than reflecting the typical secular increase in body weight with age. It is uncertain whether this secular increase is consistent with good health. It is important to adjust energy NIVs for overweight or obese individuals with a BMI greater than 25. For all other nutrients, standard body weight uncorrected for overweight status is appropriate for estimating NIVs.
Nutrient recommendations established using an extrapolation model among age groups
For many nutrients, sufficient research is not available that allows for derivation of requirements for every age group and for both genders. This is particularly true for older infants (7 months to 2 years) and for children of preschool and school age. In contrast to adult organisms, the nutrient supply for children and adolescents needs to cover not only the requirements for maintenance metabolism, but also obligate losses and physical activity. In addition, children have high and specific substrate needs for growth, which are particularly large during the phases of rapid growth in infancy, during the preschool growth spurt, and during the pubertal growth spurt [1] . In contrast to their high metabolic demands, children tend to have a more limited ability than adults to compensate for unbalanced nutrient Life-stage groups and nutrient intake values S64 supplies by homeostatic adaptation, primarily because of their smaller body stores of nutrients. Moreover, the metabolic handling of various substrates differs with age and body size.
Documentation of the paucity of existing data from which to derive nutrient requirements for children was exemplified by an electronic literature search performed in August 2003 in PubMed, National Library of Medicine (http://www.ncbi.nlm.nih.gov/entrez/query. fcgi) [3] . The search term "nutrient requirement" limited to "clinical trial" and "human" yielded 176 hits for adults and 53 for newborn infants, but only 21 hits for preschool children aged 2 to 5 years, 29 for children aged 6 to 12 years, and 45 for children and adolescents aged 13 to 18 years. Such a lack of relevant data from which to derive evidence-based population reference intakes for children and youth leads to the application of linear models of extrapolation for requirements and upper intakes from values established for adults and for young infants, usually based on average data for body weight or body surface area [2, 10] . These extrapolation approaches have several limitations. Major concerns about these shortcomings were recently emphasized by the Scientific Committee on Food of the European Community with regard to upper levels of intake:
The Committee recognises limitations in the methods available and in the approach it has used to extrapolate tolerable upper intake levels (UL) of nutrients from those established for adult populations to children, based solely either on body weight or on body surface area. For some nutrients, the Committee concluded that an extrapolation on the basis of body weight or body surface area would yield UL for children that were incompatible with known nutrient requirements and refrained from recommending UL for children. Physiological differences between adults and young children, especially at a young age, are both quantitative and qualitative in nature. Existing differences in substrate absorption, metabolism, deposition in tissues during growth, and renal or other excretion that may affect UL of nutrient intakes are not always closely related to body size. The Committee recommends this issue be reviewed in order to establish whether further refinements in the approach or further research are needed. [19] That being said, until appropriate data are available, extrapolation models will have to be considered for predicting NIVs for some nutrients.
With regard to adults, the major need for extrapolation is in setting nutrient recommendations for older adults. Although the approach used is generally based on adjustment for reference body weights between the two age groups, this would not account for differences in absorption or excretion of nutrients owing to degenerative processes, metabolic rate, or activity levels. To address these biological variables, metabolic studies in age-specific populations are much needed.
Approaches used for extrapolations between ages to derive nutrient recommendations
Extrapolation based on indicators of average body size or metabolic turnover is the easiest way to calculate nutrient reference values for different age groups but obviously will result in marked errors, particularly for those nutrients which are deposited in significant amounts in tissues during growth, such as amino acids, calcium, iron, and others.
Extrapolation based on body size
If there is no evidence of an association between metabolic rate and nutrient requirement, the nutrient requirement is often estimated as directly proportional to total body weight using age-and sex-appropriate reference body weights. Between countries, the population-based reference weights employed in such calculations will vary, thus leading to one significant source of variation between derived nutrient recommendations.
A generic mathematical model based on body weight is
Such a direct extrapolation based on body weight alone does not take into account intermediary metabolic rates, energy intake, and basal metabolic rates and will result in consistently lower values than values based on body surface area or metabolic body weight.
Extrapolation based on metabolic turnover
When appropriate data are not available to determine a nutrient requirement or upper level of intake for children or adolescents, estimates have been derived by extrapolating down by taking the values derived for adults to the 0.75 power of body mass, which adjusts for metabolic differences related to body weight [20, 21] . This method assumes that the maintenance needs of the nutrient, expressed with respect to metabolic weight, are similar for adults and children.
Calculations may be related to metabolic turnover. Nutrient reference intakes might be estimated on the basis of relative body surface area, which shows some correlation with basal metabolic rate (BMR), following the formula It was first proposed in the 19th century that BMR can also be roughly estimated by calculating metabolic body mass as body mass 0.66 [23] , whereas an estimation as body mass 0.75 was proposed in the first half of the 20th century [20, 24] . The controversy about the adequate choice of the exponent to be used in the calculation of metabolic body mass has not been resolved today, and values in the range from 0.6 to 0.8 are currently proposed [21, [25] [26] [27] . With these considerations taken into account, nutrient reference intake values can be estimated based on different approaches to estimating metabolic body mass, such as or Either of these models will produce higher reference intake values for children than those based on body mass.
It cannot be stressed enough that these approaches to calculation of nutrient requirements cannot account for age-related and maturational differences in absorption, metabolism, deposition, excretion, and homeostatic mechanisms, which are known to vary considerably for different nutrients. Thus, a science-based approach should take into account the specific conditions of turnover for each nutrient.
Approaches to extrapolation employed in dietary standards
For the DRI reports adopted in Canada and the United States, the specific equations employed are summarized in table 2. For adults, the estimated average requirement reflects maintenance needs only. When such data are extrapolated down to growing children, a factor for growth must be added. The factor for growth applied for all nutrients was the approximate proportional increase in protein requirements for growth [9] , as indicated under (2) in table 2. In situations where an average intake (AI) was set for adults (not an estimated average requirement [EAR]), the value for the AI for adults was substituted for EAR in the equations, an AI was calculated, and no recommended dietary allowance (RDA) was set.
The vitamins and minerals for which extrapolation models were employed in the DRI reports of the United States and Canada [28] [29] [30] [31] , the age groups, and the model employed for extrapolation are summarized in table 3 . For most nutrients, the model for extrapolation included an adjustment for body weight whether the value was being extrapolated from younger to older age groups or vice versa. A growth factor was added if the extrapolation was from adults to children. The exception to the adjustment to body weight was for sodium in older adults, for which an adequate intake was extrapolated from that for younger adults based on the combined average of median energy intakes for men and women according to the NHANES III data, since energy intake declines with age.
The macronutrients for which extrapolations were employed to set the EAR or AI are summarized in table 4. For the DRI report on macronutrients [6] , the recommendations for carbohydrate and fiber intake in children over 1 year of age are all extrapolated from adult values. For energy, the values for energy deposition during growth were derived from the calculated energy content of tissue deposition, using various reference growth rates, depending on age category. Similarly, for protein intakes beyond 6 months, the value for protein deposition was derived from data for protein accumulation in children fitted to a polynomial equation.
In other reports reviewed, there was meager specific information as to methods of extrapolation employed in deriving recommendations for macronutrient intakes, and often the method was adopted from another country report. The dietary allowances for the Caribbean [16] rely heavily on recommendations from the WHO report [9] or countries such as Canada. For example, recommendations for energy intake were based on BMR from body weight using equations found in the WHO report of 1985 [9] . Total energy expenditure (TEE) was then calculated by multiplying the BMR by a factor for physical activity level (PAL), which was classified as light, moderate, or heavy. For children, assuming that physical activity might be greater than in developed countries, 5% was added to the TEE to Life-stage groups and nutrient intake values S66 allow for desirable physical activity, as described in the WHO report [9] . Reference body weights were adopted from the NCHS data from 1977. The report did not contain any further examples of extrapolations or interpolations.
In the D-A-CH reference values for nutrient intakes [8] , the method of extrapolation or interpolation could not be discerned from the statement, "In those frequent cases in which recommendations could not be made for every age group, values for intermediate age groups had to be interpolated. "
In the population reference intake (PRI) report for the European Community provided by the Scientific Committee for Food [10] , PRIs for children aged 1 year or more have generally been derived, in the absence of reliable data, by extrapolation from the PRI of young adults on the basis of energy expenditure (e.g., thiamin, riboflavin, niacin, folate, vitamin B 12 , and iodine), unless specific other statements were made. In the case of some nutrients, recommended intake values for children were derived on the basis of further considerations. The specific considerations for each nutrient are summarized in table 5. For infants aged 6 to 11 months, the values were usually derived by interpolation between those for infants under 6 months, which are often derived from intakes of 3. For water, potassium, and sodium [31] , extrapolation from AI for adults to an AI for children: AI child = AI adult × (F) Where F = (energy intake child /energy intake adult ) Energy intakes rather than body weights were used in the extrapolation equations because high levels of physical activity are associated with increased losses of electrolytes in sweat. The energy intake values were based on the average of median energy intakes for both sexes for each age group based on data from NHANES III. 4. Extrapolation of EAR/AI up from younger adults for older adults vice versa was accomplished using reference body weights, except in the case of sodium: EAR/AI younger adults = EAR/AI older adults × (F) F = weight younger adults /weight older adults For sodium [31] , the extrapolation equation employed was adjusted for combined median energy intakes for men and women: AI older adults = AI younger adults × energy intake older adults /energy intake younger adults 5. In situations in which data were not available to set the UL for children (which occurred frequently), the UL for adults was extrapolated down using reference body weights for all nutrients except sodium, and in this case median energy intake was used in the adjustment equations: UL child = UL adult × weight child /weight adult For sodium the extrapolation equation was: UL child = UL adult × energy intake child /energy intake adult DRI, dietary reference intake; AI, average intake; EAR, estimated average requirement; UL, upper tolerable limit of nutrient intake. a. Median reference weights for children, adolescents, and adults were derived from reference weights for children and adults in the United States (NHANES III, 1988-94) in DRI reports [5, [28] [29] [30] published prior to 2002. After that the time, in reports published for macronutrients [6] and water and electrolytes [31] , updated data that provided median reference heights and weights for the US population were used [7] . 
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breastfed infants, and those calculated for the group from 1 to 3 years of age. The Finnish Nutrition Recommendations [12] rely on the Nordic Nutrition Recommendations [13] and the WHO report [9] . For example, the energy recommendations are based on BMR corrected to a PAL; however, estimates were based on a reference man or woman rather than reference weights for age, as was done in the DRIs of the United States and Canada and the Caribbean reports. This report did not contain any examples of application of extrapolations or interpolations in the derivation of the nutrient recommendations.
The report from France [14] does not appear to employ extrapolations in the development of nutrient recommendations. The values provided in this report represent recommended intakes for populations, not individuals.
The Mexican report [15] employed reference weights, derived as outlined above, in developing some of the nutrient recommendations. No information was provided as to whether extrapolations were employed across age groups. For the dietary reference values (DRVs) from the United Kingdom, it was not possible to determine the basis of the DRVs for children from the statement, "Some DRVs are also related to body weight. "
Extrapolations of upper safe levels of nutrient intakes for children
In the DRI reports of Canada and the United States, extrapolations based on body weight were used to establish tolerable upper levels for children from adult values when scientific data were not available.
In Europe, the upper safe levels (ULs) of nutrient intake established by the Scientific Committee for Food and the European Food Safety Authority [19] were estimated for children, in the absence of adequate data, on the basis of criteria specific for each nutrient. For instance, relative body weight (using reference weights), was used for vitamin B 6 , niacin, folate, copper, selenium, and molybdenum; or body surface area (body weight 0.75 ) was used for zinc and boron. In some instances, the upper level was based on agespecific outcomes, such as for fluoride, where dental fluorosis in young children and bone health in older children were the outcomes used to set the UL. In the case of magnesium, the same UL was set for adults and children over 4 years of age, but the available data did not allow the definition of a UL for younger children. However, the committee expressed severe concerns regarding the limitations in the methods available and in the approach it has used to extrapolate ULs for children, and it recommended that this issue "be reviewed in order to establish whether further refinements in the approach or further research are needed" [19] .
Nutrient recommendations established using an extrapolation model for physiological states of pregnancy and lactation
Adequate research results from which to derive the requirements for human subjects during pregnancy and lactation are not available for a great number of nutrients. For pregnancy, often a factorial model is applied using knowledge of fetal accretion of nutrients and addition of nutrients in the expanded fluid volume of a woman during pregnancy [10] . Insensible losses of nutrients and altered efficiency of absorption of nutrients during pregnancy are applied to adjust the nutrient accretion value, if such information is known. If the basis for the estimate of nutrient accretion is not normally distributed, then modeling of the data is done for some nutrients, such as iron.
For example, a factorial estimate of nutrient intake during pregnancy is calculated as the sum of the following: » Nutrient intake for age in the nonpregnant state; » Fetal accretion of nutrients (or glucose/free fatty acid utilization); » Nutrients to supply expanded maternal tissue, metabolic activity, and/or fluid volume; » Adjustment for change in insensible losses, physical activity, or efficiency of absorption, if known;
If the values used as the basis of this estimate are not normally distributed, then modeling of data is required, for example, for nutrients such as iron.
For lactation, the general approach to the factorial model is simply to sum the nutrient needs for a woman of similar periconceptional age who is not lactating with the amount of nutrient delivered into an average volume of breastmilk, as used in the Canada/USA DRI reports [5, 6, [28] [29] [30] [31] and the PRI report for the European Community provided by the Scientific Committee for Food [10] . However, the average daily intake of breastmilk has been reported to vary between studies [38] , as does milk composition [39] . Whereas average milk volume might vary between populations in regions with different temperatures or populationbased body size, the composition of human milk should be relatively stable in well-nourished mothers. In addition, adjustments are sometimes applied in estimating needs for energy, protein, or carbohydrate to account for utilization (e.g., protein), conversion efficiency (e.g., energy), or maternal weight loss during lactation.
The approaches to derivation of estimates of recommended intakes in pregnancy and lactation across agencies and countries are summarized in table 6 for macronutrients and in table 7 for vitamins. Since many reports provide nutrient recommendations for different stages of pregnancy and lactation, these are individually noted. Although the general method of extrapolation might be similar across reports, the Life-stage groups and nutrient intake values S70 TABLE 6. Summary of extrapolations used to determine recommended macronutrient intakes for pregnancy and lactation for all reports reviewed Agency Pregnancy Lactation Protein Canada/USA [6] a Only for 2nd half of pregnancy: the EAR for age plus the amount for tissue deposition in mother and fetus and maintenance of the expanded protein tissue pool RDA is the EAR plus an estimated CV of 12%
The EAR for age plus the amount of protein secreted in breastmilk adjusted for dietary protein utilization. RDA is the EAR plus an estimated CV of 12%
Caribbean [16] Adopted from WHO (1985) [9] : an increase of 6 g/day to nonpregnant allowance Addition of the amount of protein secreted in breastmilk (no adjustment for efficiency of conversion of dietary protein to milk protein owing to 25% nonprotein nitrogen in breastmilk)
D-A-CH [8]
From 4th month additional * 10 g (= 58 g/day) or 6.3 g/MJ (general: upper limit for adults of protein intake at 2.0 g/kg/day)
Recommended protein intake is derived from the amount of protein secreted in the milk and given a 70% protein utilization: [9] by less than 10% in the early months. Gross energy supplied by the mother, conversion from maternal diet to gross milk energy (80%), maternal weight loss (500 g/mo), and maternal EAR EAR: [6] and Mexico [15] assumed a milk volume of 780 mL/day during lactation for the first 6 months and 640 mL/day after 6 months. b. The Finnish recommendations [12] for some nutrients are higher for pregnant and lactating women than for women of periconceptual age, but no information is provided in the report as to the basis of these special recommendations. The recommended intakes are intended for use in diet planning for groups, but it is noted that the individual requirements are often lower than the recommended intake for populations.
c. In the report from France [14] , the average volume of milk produced on which the recommended intake was derived for lactation was 750 to 850 mL/day. [16] NA D-A-CH [8] Additional intake + 10 mg/day (total 110 mg/ day), considering reduced plasma concentration and decreased body reserves during pregnancy, and bioavailability
Additional intake + 50 mg/day (total 150 mg/ day), to cover excretion with breastmilk European Community [10] Additional intake + 10 mg/day (total 55 mg/day) to allow for the 50% higher fetal plasma levels and higher catabolic rate of the fetus Additional intake + 25 mg/day (total 70 mg/day) to cover at least 20 mg/day excreted with breastmilk, assuming 85% bioavailability Nordic [13] Additional intake + 10 mg/day (total 85 mg/day) to cover increased needs for fetal growth and catabolized vitamin C Additional intake + 25 mg/day (total 100 mg/day) to cover excretion with breastmilk United Kingdom [17] Additional intake + 10 mg/day (total 50 mg/day) during the 3rd trimester to allow for the 50% higher fetal plasma levels and higher catabolic rate of the fetus Additional intake + 30 mg/day (total 70 mg/day) to ensure that maternal stores are maintained and breastmilk levels are in the upper half of physiological range EAR, estimated average requirement; RE, retinol equivalent; RNI, reference nutrient intake; D-A-CH, Germany-Austria-Switzerland-Slovenia; TE, alpha-tocopherol equivalent a. The reports from Canada/USA [5, 6, [28] [29] [30] [31] assumed a milk volume of 780 mL/day during lactation for the first 6 months and 640 mL/day after 6 months.
Life-stage groups and nutrient intake values S74 reference values applied for fetal accretion of nutrients or nutrient composition of milk were often different; thus, variation between reports in the recommended intakes is likely. Unless geographic or racial differences can be proven for fetal accretion of nutrients or breastmilk composition, a future goal would be to standardize reference values across individual dietary standard reports. For fetal accretion of nutrients, it is important that consistent source evidence be used.
Most commonly, such information is derived from the body composition of fetuses aborted or dying in the third trimester of pregnancy [42] . We recommend that when NIVs are developed for lactating women, the values for average daily milk volume provided by the WHO report on complementary feeding of young children in developing countries [38] should be used, and for milk nutrient composition the values cited in the DRI reports [5, 6, [29] [30] [31] [32] for well-nourished women should be adopted.
Future development of NIVs based on human research
It is evident that further systematic scientific research is urgently required to provide adequate data on physiological nutrient requirements, especially for children and adolescents [2] , pregnant and lactating women, and older adults. The opportunity is there, because methodological progress has made less invasive or noninvasive approaches available that allow ethical investigations of a number of these issues in healthy children, for example, and also in pregnant and lactating women. Therefore, it would be feasible today to narrow many of the existing gaps in knowledge in this respect, if such research were given sufficient priority both by academic institutions and by funding agencies. A clear priority for the future development of NIVs is to conduct research that will provide for internationally applicable physiological data (e.g., on absorption, distribution, deposition, metabolism, and excretion of nutrients for different sex and life-stage groups) using state-of-the-science techniques. Opportunity exists with noninvasive measurements using stable isotope tracer methodology for energy expenditure, amino acid oxidation using stable isotope breath tests for the estimation of amino acid requirements [43] , and turnover of macrominerals (e.g., calcium and magnesium) and trace elements (e.g., iron and zinc). Body composition measurements to obtain data on nutrient accretion can be obtained longitudinally by methods such as dual-energy x-ray absorptiometry, total body electrical conductivity (TOBEC), and magnetic resonance imaging (MRI).
Summary
This review of dietary standards revealed that the approach of extrapolation to obtain nutrient recommendations is used frequently and that a great amount of inconsistency exists in the factors considered in extrapolation. The use of original research data is the preferable way to estimate nutrient requirements for different life-stage groups. However, because of the paucity of research data for some subgroups, it is often necessary to extrapolate information from other groups in order to derive estimated requirements. Extrapolation should always be a second choice, and scientists are encouraged to develop new, innovative, noninvasive methods or use existing methods, e.g., stable isotopes, to specifically determine the nutrient requirements of understudied groups, such as pregnant and lactating women, infants, children, and the elderly.
Until data are available for all life-stage groups, extrapolation from one group to another is necessary. Frequently, this involves extrapolation from adults to children and adolescents and from younger adults to older adults. The rationale or scientific basis for the method chosen should be completely transparent and thoroughly described for each nutrient and life-stage group. It is likely that different approaches will be used for different nutrients and different extrapolations for a single nutrient. There is no one "correct" method of extrapolation and scientific judgment will probably be part of the process. Examples of approaches to extrapolation models include adjustments for body size (weight or metabolic weight), energy intakes for age, or application of factorial estimates of requirements for growth, pregnancy, and lactation. However, extreme caution is advised if the extrapolation is based on energy intakes, median body weights, or activity levels, which may vary widely among populations.
Note
The following reports were reviewed but, because they do not constitute nutrient-based dietary recommendations, were not included in this review: Swedish National aims and strategies for nutrition 1999-2004 [44] ; National Institute of Nutrition, Hyderabad, India, Annual Report 1998-99 [45]; Socialist Republic of Vietnam, National Plan of Action for nutrition 1995-2000 [46] ; Warsaw, Poland: Programme of health improvement of the Polish population through improvement of health quality of food and modification of pattern of nutrition (1996) [47] ; and South African food-based dietary guidelines (2001) [48] .
